Introduction
============

Common surgical treatment options for transverse patellar fractures include cerclage wiring, tension band wiring, Magnuson wiring, screw fixation, modified tension band wiring, and cannulated screw fixation with figure-eight wiring[@B1]-[@B11]. Unfortunately, extra-articular fractures of the distal pole of the patella are difficult to fix due to small bone fragments and comminution and to reduce and maintain the reduction due to the extension mechanism of the knee[@B3],[@B5],[@B6],[@B12]. An extra-articular fracture of the distal pole of the patella with large fragments and mild comminution can be managed with one of the above mentioned methods[@B5],[@B13]-[@B15], but they are not applicable in a majority of cases. The most common procedure is to attach the patellar tendon to the patella by transosseous pull-out suture after removal of bone fragments[@B12],[@B16]. However, this procedure requires a long fixation period and delays rehabilitation, which eventually results in weakness of the quadriceps femoris muscle[@B12]. To deal with these problems, in 2003 Yang and Byun[@B12] introduced separate vertical wiring for comminuted fractures of the distal pole of the patella. In this study, we analyzed the clinical and radiological outcomes of separate vertical wiring[@B12] for the treatment of extra-articular fractures of the distal pole of the patella.

Materials and Methods
=====================

1. Materials
------------

Out of the 21 patients (21 cases) who underwent separate vertical wiring[@B12] for extra-articular fracture of the distal pole of the patella at our institution between March 2005 and March 2010, 18 patients with a minimum 1-year follow-up were included in this study. None of the patients had a combined fracture on the ipsilateral side. The exclusion criterion was partial patellectomy due to severe comminution. Amongst the 18 patients, 10 of them were males and 8 were females with a mean age of 47.1 years (range, 19 to 73 years). Eleven patients had comminuted fractures and 7 had simple fractures. The cause of injury was slipping, traffic accident, and sports injury in 9, 7, and 2 cases, respectively. The mean postoperative follow-up period was 29.9 months (range, 12 to 65 months) ([Table 1](#T1){ref-type="table"}).

2. Surgical Technique and Postoperative Care
--------------------------------------------

The patella was exposed by an anterior vertical incision and cleaned. After removing hematoma, the torn retinaculum, fracture pattern, and fracture surface were identified. Separate vertical wiring procedure as introduced by Yang and Byun[@B12], was performed in all the cases by using 3 separate vertical wires ([Fig. 1](#F1){ref-type="fig"}). In 4 cases, for vertical wire insertion, three 4.0-mm cannulated screws (cannulated screw, Depuy-Ace, Warsaw, New York, USA) were placed in the proximal bone fragments and then the wires were passed through the tunnel of each screw. This was because we thought based on our experience that the wires could be anteriorly displaced during wire tightening considering that the wire in the proximal patella is located in the cancellous bone that is a relatively weak structure ([Fig. 2](#F2){ref-type="fig"}). Displaced fragments in the anterior cortex of the patella were stabilized with absorbable sutures. The joint stability was evaluated during joint movement exercises and the torn retinaculum was repaired with absorbable sutures. Long-leg cast immobilization was performed for 4 consecutive postoperative weeks. From the 5th postoperative week, joint exercise was started with an increment of 10° after every week. Immediately postoperatively, partial weight bearing with crutch assistance was initiated. From the 8th postoperative week, full weight bearing was allowed.

3. Postoperative Results Assessment
-----------------------------------

Clinical results were graded as excellent, good, and unsatisfactory according to the range of motion and Bostman score[@B17] ([Table 2](#T2){ref-type="table"}), that were evaluated at 6 months and 1 year after surgery ([Table 1](#T1){ref-type="table"}). For radiological assessment, the relationship between the preoperative bone fragment length and the anterior displacement of the bone fragment after bone union and between the presence of comminution and the anterior displacement of the bone fragment after union were examined on plain radiographs taken preoperatively and during the follow-up. The bone fragment length was measured along the long axis of the fragment on the lateral view. The anterior displacement was measured as the length of a line perpendicular to the tangent line of the displaced point of the original contour of the cortex to the anterior cortical bone of the fragment on lateral plain radiographs taken after bone union ([Fig. 3](#F3){ref-type="fig"}).

The range of motion, nonunion, avascular necrosis, traumatic arthritis, and hardware failure were examined until the last follow-up. For statistical analysis, Pearson\'s correlation analysis and paired *t*-test were employed. Measurements on plain radiographs were performed twice, each by 2 authors with an interval of one week. The intra-observer and inter-observer reliability was determined using the Pearson\'s correlation analysis.

Results
=======

Radiological union defined as the loss of the fracture line and presence of bony trabecular continuity was achieved 13.8 weeks after surgery on average (range, 10th to 18th week). At the 6th postoperative month, the mean flexion contracture was 0.8° (range, 0° to 5°) and the mean further flexion was 127.6° (range, 127° to 140°). At the 1st postoperative year, the mean flexion contracture was 0.6° (range, 0° to 5°) and the mean flexion was 136.3° (range, 129° to 140°). The mean preoperative bone fragment length was 21.8 mm (range, 14 to 34.8 mm). Bone union occurred with the bone fragment anteriorly displaced in 9 cases (50%). The mean anterior displacement was 2.32 mm (range, 0 to 8.7 mm). However, no statistical significance was found between the bone fragment length and the anterior displacement (p=0.175). Comminuted fracture was observed in 11 cases and there was no correlation between the comminution and anterior bone fragment displacement (p=0.146). Hardware failure, loss of reduction, and nonunion were not observed in any of the cases. The mean Bostman score at the 6th postoperative month was 27.5 points (range, 21 to 30 points) with 12 excellent and 6 good cases and the value at the 1st postoperative year was 28.7 points (range, 21 to 30) with 16 excellent and 2 good cases ([Table 1](#T1){ref-type="table"}).

Discussion
==========

The patella is a sesamoid bone that is embedded in the tendon of the quadriceps femoris muscle and is essential for knee extension[@B18]. Patellar fractures account for 1% of all the fractures and extra-articular fractures of the distal pole of the patella comprise only 9.3-22.4% of all the patellar fractures[@B18],[@B19]. Studies are limited due to the small number of subjects and there are not enough published reports. Unfortunately, extra-articular fractures of the distal pole of the patella where the patellar tendon is attached are difficult to manage because of small bone fragments and extension mechanism of the knee. Especially, anatomical reduction is demanding and conventional wire fixation or screw fixation is mostly in-effective for stable fixation because of comminution; hence a surgical method should be chosen with care for extra-articular fractures of the distal pole of the patella[@B12],[@B18].

Modified tension band wiring, which is the most common procedure for the treatment of transverse patellar fractures, is not sufficient to achieve firm fixation of extra-articular fractures of the distal pole of the patella, especially comminuted ones: tension band wires may become loose during joint exercises; loss of reduction may occur; joint movement may be restricted due to irritation to soft tissues caused by prominent k-wires; and complications including internal fixation failure caused by k-wire breakage or loosening can also occur[@B2],[@B4],[@B13],[@B20]. Transosseous pull-out suture technique and wiring procedures including cerclage wiring may cause pain in the anterior knee due to the use of multiple wires for internal fixation and skin irritation during flexion and extension due to wire protrusion[@B12]-[@B14],[@B21].

Recently, a variety of studies on new techniques designed to overcome the disadvantages of the conventional methods have been reported[@B12],[@B18]. Yang and Byun[@B12] suggested separate vertical wiring for comminuted extra-articular fractures of the distal pole of the patella. In the biomechanical study using cadaver knees, higher fixation strength than the tension-band wiring was reported and the method was more effective for comminuted fractures of the distal patella by using 3 separate wires when compared to the conventional method that transforms extension force into compression force by contouring 2 wires into the shape of 8. However, considering that in our study, union was achieved with bone fragments anteriorly displaced in 50% of the cases, separate transverse compression force alone may not be sufficient to provide anatomical reduction. Matejcic et al.[@B18] reported that basket plate osteosynthesis was more effective in terms of pain, mobility, joint movement, and muscular strength in patients with severe comminuted fractures of the distal pole of the patella when compared to partial patellectomy.

The distal pole of the patella is an extra-articular structure that does not articulate with the femur in the patello-femoral joint. Therefore, we thought that excessive correction for exact anatomical reduction or excision of the distal patella that is impossible to be reduced was not necessary. Instead, we believed that it is more important to restore the extension mechanism of the knee by preserving the bone fragment of the distal patella. Separate vertical wiring technique of Yang and Byun[@B12] focuses more on the preservation of the extension mechanism of the knee than on anatomical reduction of the knee. Indeed, anatomical reduction is difficult to obtain with separate vertical wiring, because of the tendency of anterior displacement of the bone fragment in the process of union. We postulated that there would be a correlation between the anterior displacement of bone fragment and the bone fragment length and the presence of comminution, but no statistically significant relationship was found. Therefore, we thought that the anterior displacement was related with the severity of osteoporosis and tension to the bone fragments during surgery. However, we did not investigate the patients\' bone density and could not identify the exact cause of tension to the wires during surgery.

In the clinical study conducted by Yang and Byun[@B12], the mean Bostman score at the last follow-up was 29.5 points in 29 patients, who underwent separate vertical wiring for the treatment of comminuted fractures of the distal pole of the patella. In the present study, clinical and radiological assessments showed that firm fixation and normal joint movement were achieved at a minimum of 1 year after separate vertical wiring and the Bostman score was excellent with a mean of 28.7 points. Hence, it is apparent that preservation of the knee extension mechanism is more important than restoration of anatomical reduction in the treatment of extra-articular fractures of the distal pole of the patella.

The limitations of this study include that the follow-up period was short and analytic comparisons with other methods were not conducted. We believe that these limitations should be addressed in further studies.

Conclusions
===========

We believe that separate vertical wiring is a useful technique that is easy to perform and can provide stable fixation and satisfactory clinical outcomes in the treatment ofextra-articular fractures of the distal pole of the patella.

![Radiographs of 47-year-old female patient. (A) anteroposterior and (B) lateral radiographs showing simple, trans verse fracture of patellar inferior pole. Postoperative (C) anteroposterior and (D) lateral radiographs showing firm fixation. Postoperative 1 year (E) anteroposterior and (F) lateral radiographs showing united fracture without any complications.](ksrr-23-220-g001){#F1}

![Radiographs of 54-year-old female patient. (A) Anteroposterior and (B) lateral radiographs showing simple transverse fracture of patellar inferior pole. Postoperative (C) anteroposterior and (D) lateral radiographs showing firm fixation. Postoperative 1 year (E) anteroposterior and (F) lateral radiographs showing united fracture without any complications.](ksrr-23-220-g002){#F2}

![(A) Lateral radiograph of 41-year-old female patient showing simple, transverse fracture of patellar inferior pole. The length of the fragment in terms of long axis was measured as 15.6 mm. (B) Postoperative 1 year lateral radiograph shows united fracture through anterior displacement. The amount of anterior displacement (whith arrow) was measured as the length of perpendicular line of tangential line from the displaced point of original contour of the cortex. The length was measured to be 3.2 mm.](ksrr-23-220-g003){#F3}

###### 

Details and Demography of the Patients. The Results Are Based on the Grading Scale of Bostman et al.[@B17] at the Latest Follow-Up
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F: female, M: male, TA: traffic accident.

^a)^Knee scoring, and Bostman score at 1 year after operation.
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Details of the Clinical Grading Scale of Bostman et al. (From Bostman O, et al. Injury 1981;13:196-202, with permission from Elsevier)[@B17]
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